Chemical and physical requirements for lipid extraction by bovine binder of sperm BSP1.
The bovine seminal plasma contains phosphocholine-binding proteins, which associate to sperm membranes upon ejaculation. These binder-of-sperm (BSP) proteins then induce a phospholipid and cholesterol efflux from these membranes. In this work, we determined physical and chemical parameters controlling this efflux by characterizing the lipid extraction induced by BSP1, the most abundant of BSP protein in bull seminal plasma, from model membranes with different composition. The model membranes were formed from binary mixtures of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) with 1-palmitoyl-2-hydroxy-sn-glycero-3-phosphocholine (Lyso-PC), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoserine (POPS) or cholesterol. The modulation of BSP1-induced lipid extraction from membranes by their chemical composition and their physical properties brings us to propose a 3-step extraction mechanism. First, the protein associates with membranes via specific binding to phosphocholine groups. Second, BSP1 penetrates in the membrane, essentially in the external lipid leaflet. Third, BSP1 molecules solubilize a lipid patch coming essentially from the outer lipid leaflet, without any lipid specificity, to ultimately form small lipid/protein auto-assemblies. The stoichiometry of these complexes corresponds to 10-15 lipids per protein. It is also shown that fluid-phase membranes are more prone to BSP1-induced lipid extraction than gel-phase ones. The inhibition of the lipid extraction in this case appears to be related to the inhibition of the protein penetration in the membrane (step 2) and not to the protein association with PC head groups (step 1). These findings contribute to our understanding of the mechanism by which BSP1 modify the lipid composition of sperm membranes, a key event in sperm capacitation.